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Abstract 

Altimeter  data  from  satellites  are  being  used  in  an  ongoing  effort  to  obtain  data 
sets  with  temporal  as  well  as  global  coverage.  This  report  describes  the  algo¬ 
rithms  formulated  and  the  programs  written  for  the  use  of  altimeter  data  from 
the  European  Space  Agency  (ESA)  European  Remote  Sensing  Satellite,  ERS-1,. 
for  a  repeat  track  analysis  of  ocean  currents.  It  also  presents  some  results  from 
the  California  Current  region. 
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1  Introduction 

Tbis  report  describes  tbe  use  of  altimeter  data  from  the  Europeim  Space  Agency 
(ESA)  European  Remote  Sensing  Satellite,  ERS-l,  for  the  analysis  of  ocean  cur* 
rents.  It  is,the  continuation  of  tbe  altimeter  analysis- developed  previously  by 
Caruso  et  al.  [1990]  for  the  U.S.  Navy  altimetricMtdlite,  GEOSAT;  The  common 
pt^ose  of.  both  projects  was  to  perform  a  ‘repeat’  or  ‘collinear’  track  analysis, 
which  required  sorting  the  data  into  collinear  tracks,  correcting  the  sea-surface 
heights  for  -various  measurement  errors,  and  regridding  the  along-track.data  to  a 
common  grid  flj. 

The  major  difference  between  the  two  projects  is  that  the  ERS-1  satellite  has 
two  phases.  The  first  phase  consists  of  a  thrjee-day  repeat  orbit  and  the  second 
phase  consists  of  a  35-day  repeat  orbit.  The  satellite  remains  in  the  first  phase 
for  the^firat-thrce.mbnths  of.the  year,  and  then  switches:to  the  second  phase 
for  the  rest.  of.  the  year.  This;.has;necetsitated  the- rewriting  of  several  of  the 
GEOSAT  data-processlng  routines  so.that  they  can  work  on  the  two  unique  ERSrl 
orbits.  Since  tbe  processing  is  similar  for  the  GEOSAT  and.ERS-1  altimeter’s,  an 
efort  was  made  to. use  u  many  of  the  GEOSAT  analysis;  programs  as  possible. 
This  report  presents  the  similarities  and  differences.in  the  two  data  sets  ano  the 
modifications  that  were  made. to  accoihmodate  the  ERS-1  data. 

Section  2  describes  the  format  in  which  the  raw  data  are  stored  and  the  routines 
needed  to  convert  it  to  the  GEOSAT  format.  Section  3  describes  the  orbit  param¬ 
eters  and  characteristics  for  the.two  phases  of  the  satellite.  Section  4  outlines  the. 
steps  required  to  label  and  store  the  data  according  to  phase,  cycle  and  orbit  num¬ 
bers  so  ^  to  facilitate  repeat  track  analysis.  It  then  analyzes  the  relabeled  data 
from;the  California  Current  region  for  the  derivation  of  mean  sea  surface  heights. 
Section  5  shows  some  results  obtained  from  the  analysis  performed  in  section  4. 
Finally,  section  6  contains  descriptions  of  the  various  C-progriuh  routines. 
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2  Q«qfdQri^  Jtecord,  tGBE 

Tin;  niw  aUinictttr  diiio  «n’  pr.-rcssec  b"  Xa;i'-;;.v  (5rfnn.'gr.'’i)!sir  ami  As- 
inrn^iinnc  Adiimii»;r«ti<<!  (NOAA".  asir.g  ?r  -greT:!,*  •,■.•;:*(■;•  tiil.t-un-bifs 
nitnraiBtuni  and  add  cufrcfti-n;*  A-r  «;d  irEvci  Kneb  g«-  >['!i;i:sitr.i 

data  rncordi  cnilcd  liji  iCiDFt.  is  tf  -  by;t','!  !<>rg>  ll-.nirff.'r  ;'.,  (.SDH  »'i:i  roft-r  !<•  :i 
(1I50SAT  dain  m-.-rd.  v!::fTet.f  KJDK  rcio:  •.».  ar.  KU>-!  gc  i[)!!ys 

kid  data  fnrord.  Ic  tffdcr  t*  uikr  adw.:;;agf  <,■;  ’.hi’  iilrrariv  vvritu-n  i» 

pruRcsa  (iEOHAT  data.  tii<-'Kit)f{s  v.wr»'vr:;‘<".',  ucshr.  iisnij:  liu- t«Hi- 

litic  er.«39rrt*.  Tahfr  5 the  R;f,?»:ng  KK^’.;  iiftd!,  ?;:i  c»!'inm 

twf»)  into  the  CiUH  The  ;>ara"'e;r*>  w;t!i  wind 

«]«rt;d  itatittkk  (holdt  11,  12.  ard  '3  .  rortpet;-y.:!i  tc-  the  hcigiit  reintivv  s<«  tlw 
K^emiei:  dlijiikdii  (Jidd ,2(1;.  integratre  ekritt-'?  d<—<i;y  'f;dti;23),  a;,::  in-akinm 
{fiuid  23)  did  not  littve  cewsn  -tidtng  CDS’ !■•.•■::?  il".-.'.-!'.’!’;.  lacy  wore :i’.  t  wrciki:. 
for  thifc  aiiaiyiii  aiid-wcn',  thi'ri’Sfkr.  dijcardi-d.  Thi>  .'Ing.  ivhicii  war  iuiiuiird 
iw  a,^irt  of-'an  ICJDH,  was  stored •iiw.r.’.tdy  •••■c  ttte:::;  wUi,  the  Clillt  fonnav. 
Tabli!  !?  shows  the  iViapping  o;  the  f.ag.iiits  otify  tw-,  nai'.’ltils' 

wius  wstaitiediihit  .d,  whif’i  iMikates  a  ■•‘.vr  .va'.er.  aisii'hit  ij  .iviitch- 

jnriicati's  n  shallow  vviiliir  Rieastire::.;':/.  (h-i;:;:.:.  t::r^^'  h.  h-’.h  tables  rail  in'  nsed 
as  a  rross-roforente  to  table  .  l::'ti;r  re.>-.-.  b/^Car;:?--  r.  a/.  •iHai' 

2  Orbital:  Characteristiics 

'J'lk" KUS- r.satolliin  has  two  ieparat!'  eroiti.r  ■; ;v.< (!1<  bal  rovcrriri'.fof' 
fihm;  ore  is.depjctcihijj, Figure  1  KCgureis;;-  Wf  revi'raj'e  ;..r  ni;.'se  lWfow:;!!i;i, 
Ibo  .XoHhwitft  Pa',i(ie'ri'git(!;!s:;:ce  !::'rl:VK;.:a'  !!!(h!.'iiig!!;i.linl)!o 

it.  a  gl<d«i)’coveriige,pl<.;  f'.r  ti.is-piia.se  i*  :?;a;lie<!.  bt  .a  thrtv  iiay 

repe.n  perlodiaiKi  tlitis  ,pr'*v;<:e.‘  good  >rr.  jv-Ver-ege.  ‘)|:iv.'e'.‘cr  •.Iie's(i,irl:ig 
bnlwiicii  Irarks  isiappr<>;:inie:<  Jy  3'  o:  ieitgi:  :'.vv.  is  trarkis!  by  (I'l-day 

■  ri'jkatiiMiriod  wltii  thejspaeit.g  bf.vee:,  tr.iri.'  :e;;r:rs'<:  t  .•.:);)?■.  Kittiau-iy  .!,2  of 
lohgit'.i.'fo. 

tl'he'KUiksido'.iio.i  eji(>‘.!(:';ly.s:‘'r."  :t;.<-.«e  -rii!'-  ih-raT 

'culalc'start' ‘ahd'_eritltrr(e.s.i.ir  I'arh  p-'.<py  evtr^’  yitir,  th*'  tit''r  perfoii  hir'eaci, 
cyrfo  is  calcitbited.  )V!iyj.  tii:-'  perb-ti  shi.hs  tVv;-  th.-e'.-cays  i .  L!'i>y:y.v  s; marks 
the. tre:isit;pn-'(roi:i  phase  t!:t>  i.  ■p;:'.se''!w:.,  per;  .i;  w.i;  be  t.'hCiiiii'.eit  bV 

diviii;;ig'tl;i!  i:yrle.[!fi-io(i'by::!e  ran;-vr  .i;urbh.!  it;  tv.ri.  ryr'e.  laiae  :i  si.tpp.a. 
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Table  !:•  Geophysical  Data  Record  Contents 


Item 

ERS-1 IGDR  1  GEOSAT  GDR 
PaxametetJ  I  Parameter* 

Units 

Range 

■■ 

1 

UTC(Since  1/1/85) 

utc 

s 

2*  to  5* 

4  I 

2 

TJTC(contd.) 

utcm 

s  xlO*® 

Oto  1« 

4 

3 

Latitude 

Ut 

Degrees  xlO"® 

=  8.2' 

4  1 

4 

Longitude 

Ion 

Degrees  xl0“® 

0  to  3.60* 

4  1 

5 

Orbit 

orb 

DUQ 

7.7*  to  8.1* 

4  i 

6 

Flags 

(see  text) 

4 

7 

H  (uncorrected) 

m.h 

cm 

±  1.5* 

4 

8 

Sigma  (H) 

s,h 

cm 

0  to  100 

2 

9 

SWH 

twh 

cm 

0  to  2500 

2 

10 

Sigma  (SWH) 

t.swh 

cm 

5  to  100 

2 

11 

Wind  Speed 

(not  used) 

0.1  m  s"* 

0  to  360 

2 

12 

Sigma  (Wind  Speed) 

(not  used) 

0.1  m  s"’ 

Oto  35 

2 

13 

Uo.  in  Average 

(not  used) 

10  to  20 

2 

14 

Geold 

geoid 

cm 

=  1.5* 

2  j 

13 

Solid  Tide 

s.tide 

mm 

=  500 

2 

16 

Ocean  Tide 

o.tide 

mm 

±  5000 

2 

17 

Wet  (NMC) 

w.fnoc 

mm 

0  to  -400 

2 

18 

Dry  (NMC) 

d.fnoc 

nun 

-2100  to  -2400 

2 

19 

lono 

iono 

mm 

0  to  -200 

2 

20 

H  Corrn.  (Cal) 

(not  used) 

mm 

±  1000 

2 

21 

Sigma-Naught 

s.naught 

0.01  dB 

0  to  4000 

2 

22 

Int.  Electron  Dent. 

(not  used) 

1<  to  2* 

2 

23 

Pcakiness 

(not  used) 

0.01 

100  to  170 

2 

24 

Wet  (SMMR) 

w.smajr 

mm 

0  to  -400 

2 

25 

Wet  (SMMI) 

w.smrai 

mm 

0  to  -400 

2 

3 
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rilsrs  tin!«c,  and  sonw  othnr  watiV.irs.  ".hi-  ;w  •  a?;8it’-‘'ai;d  ttmsaafo'  tiicai 
.iiK>C!E0SAT4«t8  orlii;.  lucw:  in- Hitf.  that  :r,r aa'.cinu-s  h«W' v»t.v 
uriiiui  cJiaracl^tiiitirs  anc  thv.'  :ncr,  ft  *'.:.  car.:»'.  bo  ir.rtgod  fxf  rollnwar 

4  4toiUy$fd 

Aithnusli  «i  iiado  '.<•  a»!-  i:y  sf-'jrit:’.?  'yrh'.iT. !' -t  CJivOSAT  pruOiTwittf, 

by  tOBvenihfi  tb«  data  fr-m:  ICiDU  t-<  ::.t  v-!t:  (IMOSAT  iumM,  ««n'«rrtl 
pangnifr.a  n^lrcid4|H'ci$t'  »rb;:  a:.d  r.cotiv::  tv  bt  ta.idifird.  Tttrar 

finigWn«an-K<t«U'M  with  «ti :  on-too-.-;!;  •.'•a*;'  /.i  :ir.:m-  Tbooiisi'i'.tiiil  ttiftin'iro 
botwoi'n  t.ln'  oic!  aud  liic  r.ov-'  ftctiftos  ii  'ki-  oatc alnt;..r.  «•{ vrUitiii  parnttiKofs,  a'lrb 
w  (icrkid  and  jiH'ltHatinn.  biiM'd  !•:•  t'n-  dt-.f;::;;::?.:!.);.  phuM'  by  lo.'kiiig  s',  the. 
’time  record. 

4.1  Orbit  NumtK.'ritiK 

(n  nrdcr  to  carrj'  out  repeat  t.•■a:•i!..1;;a!y^;.•>  •••:  ;;.e..\’->r;.“.v.Vs;.l’ii;;i.(  '{.'eear  regivti, 
daia  frotii'liiid  resi<>n  are  etCMetet:  v::;;.  ear;;  rer-rd  'aid'i!'  hibeieti  with  a 
pliam:,  eyebi  ami  tirbit  tmmbe:  »•.  e  Table  -r.  (^ry::^  a-e  r.ctt.bered  ketjiirall.illy  anti- 
arc  dwtinclTor  eatl:  phase.  l*i.a.-e o.’.e  iias  -IS  p.-.iise  tsro  in’.s  S’ll  orb'ts. 

A  msyr  eyelc  !*  ilarted  tvhett  ::i<-$a:en:ie  bej:"«  :«•  repeal  dur.’:!g..i;irh. phase,  U 
day*  for  ,plui*e  one  and  .IS  days  phase  tv.-  -  Ti.;:*.  a  (iUK  it  i".  phase  tine, 
r.ycle  one  and  asceiidii.g  orb:;  '  t.'e  <■'  the  »a''-.".te  «'...:id  he  h'.he;ed:.,w /<■(><«.' 

Tbia  can  be  done  using  the  proere.rr.  ijj.rty.-e:.  Iteta  the  tv.s.  years.  19M 
iuid;)993;,  can-bc  analyzed  I'-jtet'-t'r  Hv-'.vetvr.  tiati.  irtti.  ’.he  tv:,..»!'.;ses  c,(ii:n>t, 
siiice  thc  satellite  orhit.s’are  d::Tere:;t  :m.*  t;,e  tv  ■  p:.(.>e.s 

Out*!  data  froiiva  partietdar  regh;-:.  are  e;:;.*as".<'d  and  ‘i.he.’ed;  ph..sr.s  oiie  ntitf 
turtneai)  be  put  in  separate  tdrect.irie*.  t:::re  ••■.de;  •%  tr  •ist  tl.e:;:  eaun.it  be 
Btialyai'd'togrlberai  this  stage.  W;:;;::: .e.ar::  phase  diree;. ei.eii  eyrie  is  given 
it*  (iwif  tcparalo  si/bdirectory  T;.'.is..:<  •.■  e  previi'.ts.e.ti.Utuh!.  the  CJOIv 

pittiOloWiJ 'fromyfar';D52.v;.'.t;ld  bt  t‘.>  ret;  ft- dtrert 1992. p;  r>i(rf. 
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Table  4:  Naming  Conventions  for  record  picmmm.onnn 


il  number  |  description 

range 

1  1  phase 

1  (3-day) 

;i  i 

2  (35-day) 

li  mmm  !  cycle 

000-029  (for  1=1) 

4  i 

000-007  (for  1=2) 

0  1  orbit 

a  (ascending) 

It  ! 

d  (descending) 

|i  nnn  !  orbjt 

000-042  (for  1=1) 

!l  1 

000-500  (for  1=2) 

4.2  GDR  Processing 

After  the  GDRs  have  been  split  into  individual  orbits  for  the  region  of  interest, 
they  must  be  Altered,  corrected  and  regridded.  The  original  GEOSAT  filtering 
routines,  g.clean2  and  gjifike  and  correction  routine,  g.correct,  were  used  with¬ 
out  modiAcation.  The  splining  of  the  cleaned  data  to  a  uniform  rectangular  grid 
is  carried  out  using  the  routine  igjplint  (Section  6.4),  which  is  a  inodiAed  version 
of  the  GEOSAT  pjp/ine  routine. 

Once  all  the  GDRs  are  cleaned,  corrected  and  regridded,  they  can  be  analyzed 
using  the  modiAed  repeat  analysis  routine,  ig.repeaU  (Section  6.3).  This  routine 
calculates  mean  sea  surface  height  from  repeat-track  data  and  subtracts  it  from 
each  cycle.  Orbital  errors  are  removed  by  Atting  a  sine  function  (one  cycle  per 
revolution),  to  the  residuals  and  subtracting  it. 

4.3  Calctilation  of  Geostrophic  Velocities 

The  Anal  stage  is  to  calculate  geostrophic  velocities,  using  ssh  (sea  surface  height) 
residuals.  The  relationship  between  ssh  and  geostrophic  velocity,  V  |2j,  is: 

a) 

where: 

S  is  gravitational  force  =  9.8ms'*, 

}c  is  the  Coriolis  force  —  2Usin6\,x., 

Sh  is  ssh  difference  between  two  successive  points  on  the  track  (meters),  and 
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;ii,;‘'ri;!i>  i 


>y‘is«liii;«iii<i'hoty.'M!r,  Iv.-.  .n.<,rc-£i!vi 
nin'-ffi!). 

scytin.'i  {iVscTiitcs  i  - ■■ 


.6  Resultis 

tlic  C.ilifdriiin  Gurrc.-i!  rvg;<!:.  v:.ts  aria'y/.'.s;  U;  -.'!  BiJS-’.  ra/.n  ; 
uriMyyil;  'rJ'.i!  rcsuUs,()ri's.v;.t<-!l.!:; ••  vs;"' •.;<;•■■ '.y:U. : 

<*!;f  and  a i-lS  ■?<>"•  p!:?.'"  fa-.,  3  y'.-a-}  i:.f. , <.;!>(■) 

iisiidiiii  lhc!  anrilyi.!si  Subtrac-i  c’.-;!)  if-  appr'  ;<s:  '■?••.  v.w.y  ! 

a‘.'  Ij!)"  of  laliliiiic  whilf  s;:!>‘.:iiffk  -t  i?  i::, 

Kigiiro'd  shows  flatii  fro!::  Sii!>’.r<.(k  ’!  j.'-t"  ::Vi  s  J 

vw<>  from  I'ise  pio;  *;  •.];!’  s:::C'«T«i  hi;.;'"'  s!,ovv.> 

bi'  noisier  thiin  tim  iSiOSaisP.  in  par.  iciiitir ,  tVe  '.fii'}  pr"!i|e 


.v'eluvKii’.S'-i 


;.i  yi  ats  iSfli? 
s'dnr.mk'i’.bW! 
i.'e 

'Cj.;!!!'  Co.'.S'l 

;9.W.  and 
.0S2ii.;i;Kio 
.••hows  iieiglu 
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j<Nrj|K«  of  UW3-  Sli  tm.  Ij.  n.-iM-  tl.r  p.-.-uli*  kitc 

IMCKi  iilUTod.  TJjou^h  ll«'  pli*'.  «•*  the  fteri—.  ;.(-2r,ts  wver  result*.  tWw  is’ 

imtHiej;  roniist.Mii  be'wei'  pf.-;'V,s  -.•■f.i  c*-.. .  in  take:.  as;a;i  .aditatto-i  nf jei 
Aim,  the  5t»  ctiS  ;uinp  i>*s  i>v,  been  er.".:rely  .ei;  The  ffa'  of  gs’nstr'ohii 
vWocHy  was  obtained  ffoni  wsf’iua'.f  erur.’'’  r  ;  Si-.i-e  ti  e  whHily-is 
really  a  diiTercntfal  <i  the  hcigl.t.  we  s';  •:!■;  r;<:tec'  see  jiegf.live  (lifsluTe) 
srIocHios  where  t'ne  nxk  has  a  sii  s-'ive  shoe,  a:  d  ?'  .s'tive  ■  .«;;>iie:el  ve'ocr.ies  in 
areas  whete  the  *xh  has  a  negativt  si  -ue 

A  sfailar  analysis  Was  perf-'?t;;ed  M:  s':::‘*..c-:  iV'itii  t.  .ibi.iir  .ge.tstrojihir  \e 
lueity.iiruliles  for  jdiase  Otie  \’n';!es  f.r  ’.'••.e  sraH.rc*  nf  th.e  e:Tsi.i>re  .ieii 

omlKin'  vpliifilies  wire  calriij.ted  senareiel;- the  repi'at  ir.u'ks  and  e/r.nimed 
along  eaehatibtrnek  tii  identify  je'.  :>--j.t;.-:;*  F.gurt.-.  frant;  ti  »'•!••, el  {.MS  offslute 
and  onfhote  Vekir.ity  profiles  'nta  subtretk*  .O'  y  a::d  ai  lf*  Te?;)eMiv<*ly  Uegions 
wliere  the  KMS oITsIki^  viv<(i:y  gre.fly  e-ete..:- HMS  tiiish'  re  eeK-eity  eurrs'- 
spsaid  t<i;cls  tMiscrl  on  at;  analysis  .-f  CiHOSAT  c.r.n  dur’ng  tne  C>,r.<!n!-'rr..!isitioi 
Zone  experitnent.  T.'iiis.  tia-  aMP  data  su;c<s'  e■•;!ret.(•l'  .'f  an  -  iW’.iiri'  jei  a' 
.■W”  and  an  oiislwre  osk'  a'.  3S..5  H. ■•.•.•eve*  in  ~k  ..■•  •■•le  s;;ar.v  and  i.oisy  nature 
of  the  KitS'l  dava-set.  it  i.s  ivn  •'S  h  i-  •  i!,.:;;.  .■  if  any  certaii  ty. 


APA296147 


6  BfMcr^ibtis 

A'iiMtjfiln;  aRW  rw»;;jn‘f  U:«;  kavs- K-lcf.  ‘.■•  •.u  A!i;:;ii'ii'r  Datii  pr«!:rss5j!|; 
liiiriiry (jf rwiliiKa !(> EKS-I  t’a.'.B TBiilrJl  A <i<*!iisk*!i dtsrrpiwm 
trf'lhesc!  T«Hitjncs  folk  «rs-  brlnv.-. 


%.«|40n 


I  Cltcuwii.'jGDIt  :Vrr.;a: ;•■  (IDi!  f-  r;:;?.:  itics 
I  SvpvAtn  ravv  EU?  (Dl{«  '-.••■■  stnarr.t.. si  •.fast!!  in  a  rogiim 

j  l*wf<*n«»  n‘;)cf.;-’.r»rk  «:;a!iy4:.«  a  •>'!!;■  rorTt-rtitai 

I  Sp’"W','  GDi^r-  e  ur.-f  •;!.•:  la’./.’.;::?  grit: 


» 

•1 


'Isblf  5:  Lis’.  •.•;  F.R.'s- .  p? 


6.1  nraZgcMiii 

Tiii«  prt^raiii.rfAdk  ill  iti  -KHS-’,  ti.-.;.:  :,iv Kil'.H  aiai  .ail  Ikf 
daU  in  (iDR  foriisat.  Tiit’  K’.atip'-.f  ’(SDK  ;  •  (SDK  is  ciirr:.’:;  01:5  h.< 
ill  Table  1.  Tiif  .fi«rii:;'!'’.rrs  .’.i:;.  ’."ir.ti  swvf,  .s’a:is!ii’s  (iicl!;*  S. 

ft,  and  10),  riirrrcsions  ’.o  t::?  hcigii;  r?!;/.;’.'!  ’.  •  ’.;•<•  fllip.-oid  {liidd  ’iO), 

inU’grnledeli'ftron  dciiaiiy  Jilcii:  22".  Kta:  tirii'cruvs  2:1;  .iiv  (iiscaribai.  Tlif 
(lag.  which  is.inci’jdt'd  US  a  pas;  of  nr-.  I(51):l. :/  s’.  -.v,':  n  p.iri:;:’’,.-; '  roisfori!:  wltii 
the  Gt)R>f<N'iita’..  Tahie  O^sh  v.vs  ti’K'  liii.;  iMt.-,  lii;Vir!ii,'!h.i!  from 

only  Iwo  Oag’biUris-nniHmi.  bi;  pri’U't.rc  ..f  v.-auT.  .'.iid  bit 

l„wliitb'US(lical<is  sh!i"«’.’  .(’..i;;::;;;  iniilcs-c;!:!  tx-  u.vo(I  >is  a 

cross-rtifcrwiu'.  l«  Tiibti'  3. in  j'  T:.;.<  vTogr.i;;:  .•cads  i;  si  i>i;<.'.*v  d.'/.u  !i!c  .fmii: 
sldiit  and  .wrlloc  on:  «  binary  fiic  5  >  Tr.v  'r.sn;'!’  is 

X,«rii2g«o»  <  is<fr./<7<  > 

0;2.  ig:rcKiuii 

TWs.iifogran;  is  niodinrd  fr  (SKil.’s.-VS  pr-g-:!.—.  gircg:-';.  ,1'.  :it  raw 
TillSiCJDRs  and  sopuruu’s  Ir.n!:;  :u:  •  .md".’ am;  lio.-cc.’n!;:.’;;  efbits 
'W.d.exlritr.M'da^-froI!:  a<n>fr-sP4-i’::;vd,rs'iri>  -  Ikn  ;irs’.  ."f<o.-d  isfn.in/hoO.'for 
llii'  liirii!  slnjnp, . which  d(';<'r!;!!!.'  s  ’.!'.v  k  ’.!■■■  ••f/c;’.!’.:'  o:;,il:c  phnss', 

to 
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the  orbital  parameters  are  set  and  the  data  is  divided  into  cycle  and  orbit  numbers 
and  labeled  according  to  the  conventions  described  in  Table  4.  The  region  may 
be  specified  in  two  ways,  as  bounded  by  latitude  lines  or  bounded  by  longitude 
lines.  Usage  for  this  program  is; 

y,  Igjregion  dir  ain.Iat  maxdat  oinJLon  inarJ.on  [orbjiun] 
where: 

dir  is  1  for  regions  bounded  by  latitude  lines,  2  otherwise; 
min  J.at  is  minimum  latitude,  in  degrees,  for  the  region  to  be  extracted; 
max  Jat  is  maximum  latitude,  in  degrees,  for  the  region  to  be  extracted; 
min  Jton  is  minimum  longitude,  in  degrees,  for  the  region  to  be  extracted; 
max  Jon  is  maximum  longitude,  in  degrees,  for  the.region  to  be  extracted;  and 
orbmum  are  the  optional  orbit  numbers,  which  are  extracted  from  the  region. 

6.3  igj'epeats 

This  program  is  modified  from  the  GEOSAT  program,  g^epeafs.  It  needs  two 
additional  input  arguments,  the  phase  and  year  of  the  data.  It  performs  a  repeat 
track  analysis  of  the  BRS  GDRs  and  assumes  that  all  GDRs  have  been  cleaned, 
corrected,  and  splined  to  a  uniform  grid  using  g.clean,  g.correct,  g.spike,  and 
igjpline  jl).  The  program  reads  in  all  the  available  GDRs  for  a  particular  track 
and  calculates  the  mean  sea  surface  height  for  each  grid  point.  This  mean  height 
is  subtracted  from  each  track  to  produce  a  residual  height  profile.  A  sine  function 
is  then  fit  to  the  residuals  as  an  estimate  of  the  orbit  error,  and  subtracted  from 
them  to  yield  further  residuals.  The  usage  of  the  program  is; 

’/,  igjrepeats  phase  year  pl/c»/c*.a002c  >  a002csjt 

where 

phase  denotes  the  phase  (1  or  2)  of  the  data  and 
year  is  the  year  (92  or  93)  of  the  data. 

The  filename  is  specified  using  wildcards  so  that  all  cycles  associated  with  the 
specified  orbit  arc  read  in.  Thus,  in  the  above  example,  cycles  associated  with 
ascending  orbit,  a002c  are  read  in.  The  sea  surface  height  mean  is  written  to 
sidout,  a002csja  in  this  example.  It  contains  the  following  information; 
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a,  is  H  scqiiciitmi  fouist'.*  i-f  :Lf  p-  ir,:.-  ;i:  tix  c-rbi:  i!cr.!,>:'  .;ik: 

WtiM'  Utitudc  w;<i  u;  .c  A‘  gc/iti.  is 

tln‘  ten  turfocn  fat-igi:;  vtfiab;;:;;.*.  i'i.-’  is  ;'•:<•  <-f  t::f  S4iK?.:i>s  tin'  st-.i  sarfiWf 

lit>igbto,  and  .V(s,)  is-thr  rsnsArr  >k  rvoics  •.•:  c  fla'.ii 

111  aiWitifai.  tin*  wa  surfan  ;a:g::'.  art-  ■at:”v;.  u  a  iiir  )!!  the 

rf!n>ci«ry  as  tin*  origiiif,!  rav.'  (k;a.  T;:i‘  ?:::;«••.■  hrigh:  rcsiii-m’s  O'lnam 

A  !on{x,)  I  // «i--' 

wliiw.  Ai  aiib  fca’.A'  Kf‘'  cV-'Hin-ri  aii^w,  is  tin- 

c«rf«xt«i'»rinurfafc  licig!i'.,at;ri •  n’-l’i  :r,.t  nrc^ia  Uv.-^v,c!gln«i  s:!i!i- 
linida!  fits. 

6.4  ig:«pihi<! 

't'iiis  tirugraiii  is  fr.*;:.  ?!.o  (iliU.'.VI  pr.igrir.i..  g  i:  liiirc's- )’rot:i 

g.spliiic  it!  vhat  it  an ds  i;io  p;ii.s4  i*;’ '.hf  di.'.ii  as  p;;*’  • ;  •.'m'  ;:;;.''.::  argaairals  Tiii' 
fiinctHni  of  tlic  progra::;  is  s'.il!  •.!:<"  sav;-,  ’■•  s;;' .:■!•.<  Cltii.*  ;  <  a  u!;!!  -rijr  lasitiaic 
grid,  filting  in  niitsir.g.o:  baii  data  p  iiag-va..!;',  lUTC*  (iaia 

is-rcari  froir.  s/rfi'n  aiu!>iv,i!pt;'.  sp!i::vd  data  Ti.f  'isai'/'  is- 

:X  ig.spline  phai*  dir  cir.  r.ax  gap  es'.:.*.  : 

wlicrc: 

pbad«  is.  i' or  2: 

dir  is'l..f(»rh‘f.'o!!s-b<iv.r.<i<-:;  ay  !at;;  ;.;t  :.;.v.->  2  • 

ain,  iax  ara '.lie  niia:!i.’.;:;.  U!;d  ..■•.g;;>;!ia  i.p'.i;ic  »<• 

Iwai'iip 

:g*P  .wiiiK  iiid.''.ii:i'ji:*.  lira'' ii-sff -■■aav.Vi.-:.  c-  ; ‘‘..s  ds!..  mat 

delta.t'.  is-lbn  intprpf.if.tS.-r.  li;:.''s'.>  p. 
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